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CONTROLHINGE-MOMENTANDEFFECTIVENESSCHARACTERISTICS

OF A 60°HKW?-DELTATIPCONTROLON A 60°DELTAWING

AT MACHmms OF1.41AN’D1.96

By LawrenceD. Guy

SUMMARY

An investigationof a half-deltawing-tipcontrolon a semispan
60°delta-wing—fuselagecombinationwas conductedin theLangley9-
by 12-inchsupersonicblowdowntunnel.The controlspannedtheouter
one-thirdof theexposedwingsemispanandhad thehingelinelocated% at thek5.5-percentstationof the controlmeanaerodynamicchord.
Control-surfacehingemomentsandbendingmoments,aswellas thechar-
acteristicsof thecompletewing-fuselagecombination,wereobtained.
overa largerangeof controldeflectionandangleof attackatMach
numbersof 1.41and1.96 andReynoldsnumbersof 2.4 x 106and2.0x 106,
respectively.

.

The controlhingemomentswererelativelysmall,formoderateangles
of attack,overtheentirecontrol-deflectionrangeof *30°. At large
anglesof attack,however,largenegativeincreasesin hingemoment
occurredwithincreasingabsolutemagnitudeof thedeflection.The
valuesof thehinge-momentparameter,Cm, at moderateanglesof attack
wereconsiderablymorepositiveat negativedeflectionsthanat positive
deflections.Thischaracteristicapparentlywas typicalof control
arrangementshavingtip-balanceareasextendingto thewingleadingedge,
aswas shownto existforthreetiphorn-balancedcontrolconfigurations.

Becauseof thenonlinearnatureof thehinge-momentcurves,linear
theorywas of littlevalueforpredictinghingemomentsexceptat small
anglesof attackandcontroldeflection.

The controlwas effectivethroughouttherangeof theinvestigation
whichincludedanglesof attackfromOo to 24°~d angles of control
deflectionfrom-30°to 30°at a Machnumberof 1.96..
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The objectionablenonlinearitiesin thehinge-momentvariations
withbothangleof attackanddeflectionat smallanglesweresuccess-
fullyeliminatedby a fencelocatedat thewing-controlpartingline.
The fenceincreasedtheminimumdragof thewingbut causedno drag
increaseat moderateandhighliftcoefficientsatMachnumbersQf 1.41
and1.96.

INTRODUCTION

Thehalf-deltawing-tipcontrolhasbeenshownto be an effective
lateral-controldeviceat transonicandsupersonicspeedsand,forthe
properhinge-linelocation,to haverelativelylowhingemomentsover
a givenMachnumberrange(refs.1 to 4). Previousinvestigationswere
limitedto low-angleconditions;it is thereforedesirableto learnthe
behaviorof thistypeof controlat highanglesof attackandcontrol
deflection,particularlysinceit is knownthatfordeltawing=”the
loaddistributionnearthetipundergoessubstantialchangesas the
angleof attackis increasedfrommoderateto highvalues(ref.5). In
orderto furnishsuchinformation,an investigationwas conductedin
theLangley9- by 12-inchsupersonicblowdowntunnelon a’half-delta
controllocatedat thetipof a 600deltawing,similarto thoseof
references2, 3, 4, and6, atMachnumbersof 1.41and1.96 andReynolds
numbersof 2.4x 106and2.0X 106,respectively.

The aerodymmiccharacteristicsof thecompletemodel,aswellas
controlhingemomentsandbendingmoments,wereobtainedthroughouta
maximumcontrol-deflectionrangeof *30°andat anglesof attackas
highas 24°. A fence,mountedat thewing-controlpartingline,was
testedin an attemptto modifyhinge-momentcharacteristics.Control
momentsandrollingeffectivenesshavebeencomparedwithcalculated
values.In orderto givesomeindicationof theeffectsof a fenceon
subsonicwingcharacteristics,lift,drag,andpitching-momentmeasure-
mentsobtainedat a Machnumberof 0.73anda Reynoldsnumberof
2.2X 106arealsopresented.A mathematicalanalysisof theoptical
system,usedto measurecontrol-surfacehingemomentsandbending
moments,is includedin theappendix.

SYMBOLS

liftcoefficient,*

Dragdragcoefficient,—

-%””
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pitching-momentcoefficient,

3

Pitchtigmoment
qse

; pitching-

momentreferenceaxislocatedat 0.25&

grossrolling-momentcoefficient,
Semispanwingrollingmoment

2qSb
; referenceaxisshown

figure1

controlbending-momentcoefficient,Bendirigmoment;
qsfbf

referenceaxisis rootchordof controlsurface

in

Hingemomentcontrolhinge-momentcoefficient, ; reference_-
qs+f

axisis hingeline

incrementin grossrolling-momentcoefficient,lift
coefficient,andpitching-momentcoefficientdueto
deflectionof thecontrolsurface

free-streamdynamicpressure

semispanwingarea(includingareablanketedby fuselage)

control-surfacearea

localwingchord

meanaerodynamicchordof

meanaerodynamicchordof

wingspan(twicedistance
axisto wingtip)

wing

controlsurface

fromrollingmomentreference

control-surfacespan(distancefrompartinglineto tip)

angleof attackmeasuredwithrespectto freestream

control-surfacedeflectionmeasuredwithrespectto wing-
chordplane.

averagecontrol-surfacedeflection
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R Reynoldsnumber

M Machnumber

Subscripts:

NACARM L52H13

basedon meanaero@mmic chordofwing

a slopeof curveof coefficientplottedagainstu;

slopeof curveof coefficientplottedagainst8;

DESCRIPTIONOFMODEL

Theprincipaldimensionsof thesemispan-wing-fuselagecombination
aregivenin figure1 anda photographof themodelis shownin figure2.
Thewingwas of deltaplanformhaving600 leading-edgesweepbackanda
correspondingaspectratioof 2.3. An all-movablehalf-deltacontrol
surfacewas locatedat thewingtip.

Themainwingpanel,exclusiveof thecontrolsurface,was of solid
steelandhadmodifiedhexagonalairfoilsectionsof constantthickness.
The thicknessratiovariedfrom2.4percentat themodelcenterlineto
9.2percentat thewing-controlpartingline. The leadingedgewas
modifiedby a smallnoseradius.The leading-edgeandtrailing-edge
wedgeangles,measuredparallelto theairstream,were6.78°and
13.800,respectively.

Thehalf-deltacontrolsurfacespannedtheouterone-thirdof the
exposedsemispanandrotatedaboutan axisin thewing-chordplane
parallelto thepitchaxis. The axiswas locatedat the&5.5-percent
stationof thecontrol-surfacemeanaerodynamicchord.The control
surfacehad 3.O-percent-thickdouble-wedgeairfoilsectionsin planes
parallelto thefree-streamdirectionwiththeleadingedgemodified
by a smallnoseradius.Two controlsof thesameplanformandairfoil
sectionswereusedin theinvestigation,onemadeof berylliumcopper
andoneof steel.A fenceextending21.8 percentof thelocalchord
aboveandbelowthewing-chordplane-neartheleadingedgeandtapering
to 12.8-percentchordat thetrailingedgewasmountedon thewingat
thewing-controlpartinglineforpartof theinvestigation.
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A fuselageconsistingof a halfbodyof revolutiontogetherwith
a 0.25-inchshimwas integralwiththemainwingpanelforalltests.

c

TUNNEL

5

The testswereconductedin theLangley9- by 12-inchsupersonic
blowdowntunnelwhichusesthecompressedairof theLangley19-foot
pressuretunnel.The absolutestagnationpressureof theairentering
thetestsectionrangesfrom2 to 2+ atmospheres.The compressedair

is conditionedto insure,condensation-freeflowin thetestsectionby
beingpassedthrougha silica-geldrierandthenthroughbanksof finned
electricalheaters.Criteriafor condensation-freeflowwereobtained
fromreference7. Turbulencedsmpingscreenswerelocatedin the set-
tlingchamber.Threetest-sectionMachnumbersareprovidedby inter-
changeablenozzleblocks.

Deviationsof flowconditionsin thetestsectionwithtunnelclear,, determinedfromextensivecalibrationtestsandreportedin reference8,
arepresentedin thefollowingtablealongwithpropertiesof thecondi-
tionedair:

NominalMach
Variable number

1.41 1.96

MaximumdeviationinMachnumber to.02 20.02
Maximumdeviationin ratioof static ~zmo *2.2
to stagnationpressure,percent

Maximumdeviationin ratioof dynsmic tO.4 iO.3
to totalpressure

Maximumdeviationin streamangle, ?.25 *.20
degrees

Maximumdewpointtemperature,% 20 -20
Minimumstagnationtemperature,% 1.20 165

A fewtestsweremadein an experimentalnozzleoperatingat a
subsonicMachnumberof 0.73. Detailsof theflowcharacteristicsof
thisnozzlewereunkncriin,butwallpressuremeasurementsindicatedthe.
tunnel-cleartest-sectionMachnumbervariationwas about*0.01. The
averagesubsonictest-sectionMachnumberdecreasedabout0.02as the

●

angle-ofattackincreasedfromOo to 25°.

-f’ow ConditionsWere
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believedto be sufficientlyuniformto permitevaluationof changesin
wingcharacteristicscausedby additionof a fencetothewing.

.

TESTTECHNIQUE

Themodelwas cantileveredfroma five-componentstrain-gagebal-
ancesetflushwiththetunnelfloor. Themodelandthebalancerotated
togetheras theangleof attackwas changed.The aerodynamicforcesand
momentson thesemispan-wing—fuselagecombination,weremeasuredwith
respectto thebodyaxesandthenrotatedto thewindaxes. The fuse-
lageconsistedof a halfbodyof revolutionmountedon a 0.25-inchshim;
theshimwas usedto minimizethetunnelboundary-layereffectson the
flowoverthecircularportionof thefuselage(ref.9). A clearance
gapof 0.010to 0.020inchwasmaintainedbetweenthefuselageshimand
thetunnelfloor.

Thehingemomentsandbendingmomentson thetip&ontrolsurface
weremeasuredby meansof an opticalsystemwhichwas developedforuse
withwingstoothinto permitconventionalstrain-gageinstallation. e

Lightfromhigh-intensitysourceswas reflectedby mirrorsimbedded
flushwiththemodelsurfacesontoa circular-arcscreenof 80-inch
radius,130-inchlength,and19-inchwidth.

.
Clearplasticwindowsper-

mittedpassageof thelightthroughthenozzlewallsovera limited
angle-of-attackrangefor.agivenlight-sourceandmirrorarrangement.
The twomirrorsrequiredwereadjacentto eachother,one in the inner
wingpanelandonein thetipcontrol,as shownin figure1. Deflection
of thecontrolr’elativeto thewingcouldthenbe measuredby therela-
tivepositionson thescreenof thelightimagesreflectedby thetwo
mirrors.At severalanglesof attackforeachcontroldeflectionwith
themodelinplace,staticcalibrationsweremadeof thedisplacement
of thelight-imagepositionson thescreenas functionsof knownvalues
of hingemomentsandbendingmomentsappliedto thecontrolsurface.
By useof thesecalibrationsthecontrolhingemomentsandbending
momentsweredeterminedfromlight-imagepositioflsrecordedduringwind-
on tests.

Duplicatecontrolstifaceswereusedin theinvestigation.All the
control-surfacehinge-momentandbending-momentdataandpartof the
five-componentwingdatawereobtainedwitha controlmadeofberyllium
copper;therestof thefive-componentwingdatawereobtainedwitha
controlmadeof steel.No appreciabledifferenceswerefoundto exist
betweendataobtainedforthetwocontrols.In no instancedidthecon-
trolloadscausestressesin thecontrolsapproachingtheyieldpoint.

-..

..— ““iST_a.,

. . . ..-. r-- -., . . . . . . . . . .?*
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ACCURACYOF DATA

An estimateof theprobableerrorsintroducedin thepresentdata
by instrument-readingerrors,measuring-equipmenterrors,and calibra-
tionerrorsarepresentedin thefollow~

va~ia~leModerateloadconditions

m.02°
*.20
*.()(3()5
?.005
fool
*.001
*moo8
t.o15

lgtable:

Maximumloadconditions

M .050
km20
?.0015
*.)1O
+J)03
2.003
*.O1O
?.020

7

,
The inaccuraciesin themeasurementof controlhingemomentand

bendingmomentareattributedto: erraticeffectsof frictionbetween
. thebearingin thewingpanelandthe shaftof thecontrol;errorsin

thecalibrationswhereinloadswereappliedby meansof a hand-held
stylus;thefactthatthedistortionof thecontrolunderan aerodynamic
loadis notthe sameas thedistortionundera calibrationload;and
errorsarisingfromcertainrelationsin theopticsof themeasuring
system.Thislastsourceof erroris discussedin greaterdetail
subsequently.

At thetimethepresentinvestigationwasbegun,interestlaypri-
marilyin controlhingemoments.A preliminaryanalysisof theoptical
systemshowedthatthehingemomentscouldbe obtainedby directuse of
a staticcalibrationwhencertainconditionswereimposedon thelight-
sourceandmirrorarrangement.Theseconditionsrequiredthelight-
source—mirrorsystem(thestrikingray,thereflectedray,andtheline
normalto themirrorsurface)forbothwingandcontrolmirrorstobe
coplanarandperpendicularto thehingelineforallanglesof attack
anddeflection.Althoughtheseconditionswerenotexactlymet,calcu-
lationsbasedon thedetailedanalysisof theappendixhaveshownthat
resultingerrorswerenegligible.

In additionto hingemoments,bendingmomentsalsowereobtained
becausetheirmeasurementinvolvedlittleextralabor. Calculations. haveshownthattheerrorsinbendingmomentresultingwhenthe light-
mirrorsystemswerenotbeingexactlycoplanarandperpendicularto the
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hingelinewerenegligible;however,theanalysisin theappendixshows
that,whentheanglesbetweenthestrikingrayandnormalforthewing
andcontrolwerenotequalandwhenthenormalswerenotcoincident,
bendingmomentscouldnotbe obtainedby directuseof thestaticcal-
ibrations.The requiredcorrectionsweremeasurablebut couldnotbe
appliedto thepresentdatabecausethenecessarymeasurementsof the
numerouslight-sourcepositionswerenotmadeat thetimeof the+tests.
Thus,theerrorinbendingmomentis somewhatlargerthanthatwhich
wouldexistwiththeopticalsystemif thecorrectionsweretakeninto
account.

A checkon theover-allaccuracyof thehinge-momentandbending-
momentmeasurementswas givenby dataobtainedin overlappingregions
wheremomentswereobtainedforthesamemodelconditionsbut different
light-sourcearrangements.On thebasisof therepeateddata,it appears
thattheestimatesof probableerrorsin cBMf and Ch givenby the

precedingtablesarereasonable.

It is evidentthattheaccuracyof thepresenthinge-momentand
bending-momentdatadoesnotwarrantexactquantitativeevaluationof
theresults,particularlywhenthecontrolloadingsare small. In order
to providean indicationof thereliabilityof thedataat smallangles
of attackandcontroldeflectionthecontrolhingemomentsandbending
momentsobtainedby thissystemarecomparedin figure3 withthose
obtainedovera limitedanglerangein theinvestigationof reference4.
In theinvestigationof reference4, control-surfaceloadsof a wing-
controlarrangementwhichis thesameas thatof the subjectreport
exceptfordifferencesin sizeweretransmittedby an internalstaff
whichextendedthrougha spanwiseslotin themainwingpanelto an
electricalstrain-gagebalance.As considerablescatterexistedin the
dataof reference4, onlythefairedcurveshavebeenreproducedin
figure3. Althoughtheaccuracyof themeasurementsforbothsetsof
datawas of thesameorder,it shouldbe pointedoutthatthesources
of errorin thetwodifferentsystemsareof a completelydifferent
nature.The dataof figure3 showthatthehingemomentsmeasuredby
theopticalsystemandby thestrain-gagebalancewerein excellent
agreementexceptat zerodeflectionwherea changeinhinge-momentsign
occurredat an angleof attack3°higherforthe
agreementbetweenbending-momentmeasurementsby
not so good,was stillreasonable.

RESULTSANDDISCUSSION

opticalsystem.The
thetwosystems,while

Figure4 presentsthebasicaerodynamiccoefficientsof thewing-
fuselagecombinationandof thehalf-deltatipcontrolat a Machnuniber
of 1.96plottedagainstangleof attackforw-riouscontroldeflection
angles.The deflectionanglesgivenin figures4(a)to 4(d)forthe
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completewingdataareessentiallyconstantthroughouttheangle-of-
attackrange. For thecontrol-momentdataof figures4(e)and4(f)
averagevaluesof controldeflectionareshownandexactvaluesare
givenin tableI. Thesedataat M = 1.96 arerepresentativeof those
obtainedat M = 1.41;therefore,thedataat the lowerMachnumberhave
beenpresentedonlyin theformof crossplots,alongwiththe M = 1.96
datain subsequentfigures,anda limitedamountof datais presented
for M = 1.62.

ControlBending-Moment~nd Hinge-MomentCharacteristics

Figure5 presentscontrolhinge-momentandbending-momentcoeffi-
cientscross-plottedagainstcontroldeflectionandhinge-momentcoeffi-
cientsplottedagainstangleof attackatMachnumbersof 1.41and 1.96.
Someof thedataof figure5 wereobtainedby reversingsignsof test
valuesof cc,5, Chjand Cm. Thiswas desirablebecausetherange
of valuesof a and 5 coveredin thetestswas limitedby themove-
mentof thelightimagesof theopticalsystem.The datathusobtained
areapplicablebecausethemodelis symmetrical. “

Controlbendingmoment.-Withthefenceoff,thevariationof
bendingmomentwithcontroldeflection(fig.5) was nearlylinearfor
allanglesof attackshown.For a givenvalueof controldeflection,. however,the increaseinbendingmomentperunitangleof attackpro-
gressivelydecreasesas theangleof attackis increasedto about12°
andthenremainsessentiallyconstantwithfurtherincreasesin angle
of attack(alsoseefig.4(e)).

Controlhingemoment,fenceoff.-For anglesof attacklessthan
12°,themagnitudesof thehingemomentsweresmall(fig.5)whichindi-
catedthatthetip controlwas reasonablywell-balancedevenat the
largestcontroldeflectionstested(f30°).For anglesof attackgreater
than12°(availableonlyat M = 1.96),however,beginningat positive
controldeflectionslargenegativeincreasesin hingemomentwith
increasingdeflectionoccurred.Thehinge-momentcoefficientswere
generallynegativeforpositivevaluesof CL and 5 indicatingthat
thecontrolwas somewhatunderbalanced(thecenterof pressurewasbehind
thehingeline);for somesmallpositiveangleconditions,however,posi-
tivevaluesof hingemomentindicatedthatthecenterof pressurewas
locatedaheadof thehingeline. Thehinge-momentparametersC& and

Chb weregenerallynegativeforpositivevaluesof CL and 5.

For negativecontroldeflectionsandallpositiveanglesof attack
exceptthosenearzero,thehingemomentswiththefenceoffwerenega-
tiveandthevaluesof Chb werepositive.Datato substantiatethese
resultsarenotavailableforothertipcontrolsof thistypeat size-
ableanglesof attackanddeflection.Trailing-edgecontrols,having
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tiphorn-balanceareasextendingfromthehingelineto thewingleading
edgeor beyond,however,mightbe expectedto havesimilarcharacter-
istics.Hinge-momentdataforsuchhorn-balancedcontrolsformoderate
to high-angleconditionswereobtainedin theinvestigationof refer-
ence10 and in anotherinvestigation(asyetunpublished)in thisfacil-
ity. In bothinvestigationshingemomentsweremeasuredby meansof
electricalstraingages. For directcomparison,data“forallcontrols,
includingthehalf-deltatipcontrol,werereducedto coefficientform
by usingthe controlareaandcontrolmeanaerodynamicchordbehindthe
hingeline. Thesedatapresentedin figure6 substantiatethetrends
of thehinge-momentvariationwithdefledionobservedwiththeall-
movabletipcontrol.Thepositiveshiftof C% whichoccursat mod-
erateanglesof attackas controldeflectionchangesin a negative
directionappearstobe typicalof controlarrangementshavingtip-
balanceareasextendingto thewingleadingedge.

Someformof couplewas actingon thecontrolin somecasessince
substantialnegativehingemomentswereevidentwhenbendingmoments
werezero(fig.5). The existenceof sucha couplecanbe illustrated
by consideringthevariationof bendingmomentwithangleof attackwhen
thecontrolis requiredto remainparallelwiththefreeair stream(that
is,controldeflectionandangleof attackareequalbut of opposite J
sign)● For thiscondition,bendingmomentincreased(althoughat a
decreasingrate)as angleof attackincreasedfrom0° (5= 0°) to 12°
(5=- 120),probablybecauseof upwashfromthe innerwingpanel. With

.

furtherincreasein angleof attack(availableonlyat M = 1.96),the
bendingmomentdecreaseduntilitbecamezeroat 24°angleof attack
and,at thisangle,thehingemomentwas largeandnegative.The con-
trolforcesin thiscasewerepossiblyaffectedlytheairflowthrough
thepartinglineaheadof thehingelineor itmayhavebeenthatthe
influenceof the shockfieldfromthewingleadingedgeactedin oppo-
sitionto theupwasheffectsof the innerwingpanel. Detailedpressure
distributiontestsandflowstudieswouldbe required,however,to deter-
minetheexactcauseof theseunusualcontrol-surfacecharacteristics.

Controlhingemoment,fenceon.-At smallanglesof attackand
deflectionthenonlinearvariationsof hingemomentwithdeflection
(fig.5),whichoccurredforthebasicconfiguration,werebelievedto
be associatedwithflowthroughtheopeningresultingfromthedeflec-
tionof thecontrolrelativeto thewing. The fence,whichwas installed
at thepartingline,successfullyeliminatednot onlymostof thenon-
linearvariationswithdeflectionbutalsothenonlinearvariationsof
hingemomentwithangleof attackevenwiththecontrolunreflected.
As a result,Cha at zeroangleof attackanddeflectionwas reduced
to a valuemorenegativethanthatof Chb. Thischangein C% was
in thedirectionwhichwouldbe predictedby theoryif thefencewere
of sufficientsizeto causethecontrolloadingto behavein the same
manneras thatof an isolatedwing. Thehinge-momentparameterc~
was essentiallyunchangedat zeroangleof at~ck anddeflectionby

& C)NTIbENii~.-.:
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additionof thefence. Contraryto fence-offdata,however,Cm with
fericeonwas generallynegativeat allanglesof attackthroughoutthe
deflectionrangeforwhichdatawereavailable.The positiveshiftin
Chb notedforthefence-offco~ditionat negativedeflectionswas
apparentlydelayedto higheranglesof attackandmorenegativedeflec-
tionsalthough,unfortunately,dataforthenegativedeflectionrange
wereincomplete.

Comparisonwithlineartheory.-The variationof thehinge-moment
andbending-momentparameterschm~ Chb, %fm, and ~fb withMach

numberat zeroangleof attackanddeflectionis summarizedin figure7.
Calculatedvaluesof theseparameters,as obtainedfromlineartheory
(refs.11 and12)forthebasicconfigurationarealsopresentedin
figure7.

The calculatedvaluesof thebending-momentparametersC~fa and

%Mf5 werein reasonablygoodagreementw~thmeasuredvalues.The

. measuredvaluesof theseparametersdecreasedwithincreasingMachnum-
ber at a slightlymorerapidratethantheoryindicated.

. Lineartheoryis of littlevaluein predictinghingemomentsfor
thistypeof balanced,all-movabletipcontrolbecauseof thenonlinear
variationof hingemomentwithbothangleof attackand controldeflec-
tionwhichoccurat smallvaluesof a and 5. Thisvariationis clearly
illustratedbyfigures5 and7. Figure7 showsthatvaluesof C~ for
zeroangleof attackand zerodeflectionwerein goodagreementwith”
‘theoryfromMachnumbers1.41to 1.96. Figure5, however,shows,that
Cha changedsignat a smallangleof attackandgenerallyhad negative
valuesUp to thehighestanglesof attacktested.

ControlEffectivenessCharacteristics

Figure8 presentsthevariationwithcontroldeflectionofwing
rollingmoment,lift,andpitching-momentcharacteristicsforMachnumbers
of 1.41and1.96,withandwithoutfence. Datawereobtainedat M = 1.62
but arenotpresentedbecauselinearinterpolationbetweenthedataat
M = 1.41 and M = 1.96 werewithintheexperimentalaccuracyof thedata
at M = 1.62. Calculatedrolling-momenteffectivenessc15 obtained
fromlineartheoyyis alsogivenforthefence-offcondition.Withfence
offat zeroangleof attackthevariationsof rollingmoment,lift,and
pitchingmomentwithdeflectionwerelinearfor.smalldeflectionsandthe
changeof rollingmomentwithdeflectionwas in reasonablygoodagreement
withtheory.Increasingthemagnitudeof theangleof attackor deflection
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fromthelow-anglerangetendedto decreasetheparameterscl~> ~CL,
and ACm. The decreasewas nottoopronouncedfornegativedeflections
evenat thelargestanglesof attackor forpositivedeflectionsat zero
angleof attack.In thepositivedeflectionrangeas angleof attack
was increased,however,thedecreasebecameprogressivelymorepronounced
untila pointwas reachedwherefurtherincreasesin deflectioncaused
no furtherincreasesin rollingmoment,lift,or pitchingmoment.The
effecton thesecontrolparametersof addingthefenceappearedto be
somewhaterratic.

Effectof FenceonWingCharacteristics

The effectsof a fenceon thelift,drag,andpitchingmomentof
thewing-fuselagecombinationwithcontrolunreflectedareillustrated
in figure9 forMachnumbersof 0.73,1.41,and1.96.

The fencecausedan increasein thevaluesofminimumdragcoeffi-
cientof about0.003at allMachnumbers.Repeattestsmadeat a later
dateto checkthedragdatawerein agreementwiththedatashown.The
incrementin dragattributedto thefenceat a Machnmber of 0.73was
essentiallyconstantup to valuesof liftcoefficientof 0.35atwhich
pointthepresenceof thefencecausedan abruptdecreasein lift-curve
slopewhichresultedin a correspondingincreasei~ fencedragwith
furtherincreasesin liftcoefficient.It is interestingto notethat
at supersonicMachnumbers,however,abovea particularvalueof lift
coefficient,thefencecausedan increasein lift-curveslope.This
increasein turncausedthefencedragpenaltyto vanishat valuesof
liftcoefficientof 0.50and0.35at M = 1.41 and M = 1.96,respec-
tively.Abovea lift-coefficientvalueof 0.35at M = 1.96 thedrag
of themodelwas actually
off.

lesswiththefenceon thanwiththefence

CONCLUDINGREMARKS

An investigationof a half-deltatipcontrolon a 60°deltawing
in theLangley9-by 12-inchsupersonicblowdowntunnelatMachnumbers
of 1.41and1.96indicatedthefollowingresults:

The control,witha hingelinelocatedat the45.5-percentstation
of thecontrolmeanaerodynamicchord, exhibitedrelativelysmallhinge
momentsovertheentirecontrol-deflectionrangeof *30°foramglesof
attacklessthan12°. At largeranglesof attack(availableonlyat a
Machnumberof 1.96)sizeablenegativeincreasesinhingemomentwith
increasingdeflectionoccurred.
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The valuesof thehinge-momentparameterChb atmoderateangles
of attackwereconsiderablymorepositiveat negativedeflectionsthan
at positivedeflections.Thischaracteristicapparentlywas typical
of controlarrangementshavingtip-balanceareasextendingto thewing
leadingedgeaswas shownto existforthreetiphorn-balancedcontrol
configurations.

Becauseof thenonlinearnatureof thehinge-momentcurves,the
theorywas of littlevalueforpredictinghingemomentsexceptat very
smallanglesof attackanddeflection.

The controlwas effectivethroughouttherangeof the investigation
whichincludedanglesof attackfrom0° to 24°andanglesof control
deflectionfrom-300to 300at a Machnumberof 1.96.

An outboardfencesuccessfullyeliminated,at smallangles,the
objc$ctionablenonlinearvariationsof hingemomentwithbothcontrol
deflectionandanglesof attack.The fenceincreasedthevalueof the
wingminimumdragcoefficientby about0.003but alsoincreasedthe
winglift-curveslopeat moderateanglesof attackatMachnumbersof. 1.41and1.96,therebycausingthedragpenaltyto vanish.

.
LangleyAeronauticalLaboratory,

NationalAdvisoryCommitteeforAeronautics,
LangleyField,Va.
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ANALYSISOF AN OPTICALSYSTEMDEVEL&EDTO MEASUREHINGX

MOMENTSANI)BENDINGMOMENTOF CONTROLSON THINWINGS

By KennithL. Goin

Hingemomentsandbendingmomentsof a controlsurfacemaybe
expressedin termsof deflectionof thecontrolwithrespectto the
wingwhenthecontrolis flexiblysupportedin position.The control
deflectionmay in turnbe determinedfromthemovementon a screenof
a lightimagereflectedby a mirrorin thecontrolsurfacerelativeto
themovementof a lightimagereflectedfroma secondmirrorin thewing.
It is firstnecessary,however,to determinewhatpartof thecontrol-
imagemovementis duetodeflectionof thewingunderloadsincea one-
to-oneratiowouldnotnecessarilyexistbetweenthewing-imagemovement
andthemovementof thecontrolimageduetowingdeflection.Also,the
correspondenceof thelight-imagemovementto themovementof themirror
mustbe established.The followingdetailedanalysisdeterminesthese
relationsfortheopticalsystemdevelopedforusein theLangley9- by
12-inchsupe-rsonicblowdowntunnel:The analysisinitiallydealswith
an opticalsystemin”whichthelocationsof thelightsourcesand the
attitudesof themirrorsarearbitrary.

The generalarrangementof theopticalsystemis shownin figure10.
Thewing-controlmodelwas mountedverticallyin thetunnel(shownwith
nozzle,blocksremoved)and,thesurfaceof thelargecircularimagescreen
wasparallelto themodelpitchsxis. For convenienceof notation,an
orthogonalcoordinatesystemhasbeenchosensuchthattheoriginis at
themirror,they-axisisparallelto thepitchaxisof themodel,and
theyz-planecontainsthelightsource.The intersectionof thexz-plane
withtheimagescreenis thecirculararcabc. The angles ei and en
aremeasuredin thexz-planeandtheangles 7s, Ynjand Yi aremeas-
uredfromthey-axisinverticalplanescontainingthey-axis.Fromthe
fundamentalpropertiesofmirrors(thestrikingray,thereflectedray,
andlinenormalto mirrorsurfaceliein a planeandtheangleof inci-
denceof the strikingrayequalstheangleof reflection)thefollowing
relationswereobtained:

@i = t=-l 2m sinen
21DCOS0n-p (Al)

$E sImIAL-{:--.---,.~.... ......-
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where

.1 2m ctn7n - p ctn7~
71 = ctn

J~2 - 4mpCosen + pz

m = cosen + ctn7S ctn

p = 1 + CtK127n

Any movementof themirroris completely

7n

describedby rotating

15

(A2)

aboutthey-sxis(wingor controltwist)and-tiltingwith-respect~o
they-sxis(wingor controlbending).Thesemovementscanbe defined
by changesin theangles 13 and Y of themirrornormal.Thepartial
derivativesof equations(Al)and (A2)describethesingularchangeof
thereflectedraydueto deflectionof themirrornormalandareas
fOllQWS:

( )aei z 2m2 - mp cosen +p sin2f3n—=
aen

(A3)
~2 - &lpCOS en + ~2

aei -2psin8n(2MctnYn - p ctn7’s)—=
b7n

(Ah)
4M2- 4MpCOS On + P2

a7i 2 ctnYn sinen—= (A5)
2Mn J4m2- 4mpCOS en + p2

ayl 4m - 2p COS en—=
a7n - 4mpCOS en + P2

(~6)

Theprecedingequationsalsomaybe usedto describethedistance
thelightimagetravelson thescreen.For smalldeflectionsof the
mirror,suchas thoseresultingfromdeflectionunderload,it is rea-.
sonableto assumethatthe screenis a planenormalto thereflected
raysince 7i is closeto 9C1°andthescreenradiusis large(8CJin.).
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The anglesof thelight-imagepathon thescreen,dueto deflectionof
themirrornormal,withrespectto theintersectionof thexz-planeand
thescreenarethen

(A7)

(A8)

wherethesecondsubscriptdenotesthedirectionof movementof the
mirrornormaltowhichtheangle w is due.

The previousdiscussionhasbeenlimitedto developmentof the
mechanicsof a systemof onelight,mirror,andimage. In thepresent
teststherearetwosuchsystems,oneforthecontrolandoneforthe

. wing. The deflectionof thecontrolwithrespectto thewingis desired
sincethisrelativedeflectionis an indicationof thecontrol-surface
loads. In orderto determinethecontroldeflectionwithrespectto
thewing,it is necessaryto determinewhatpartof thecontroldeflec-
tionis duetowingdeflection.

Whenthemirrorin thewingrotatesaboutthey-axis,themirror
in thecontrolrotatesaboutthey-axisan equalamount;thatis,the
changein en of thetipcontrolis equalto thechangein 19n of the
wing. Thus,

@n)t = ~n)w

and

wheresubscriptst andw refer,respectively,
wing.

Whenthewingmirrornormalandthecontrol
liein thesameverticalplane,a changein 7n

(A9)

(A1O)

to thecontroland

mirrornormaldo not
(bending)of thewing

.

.
.—

..5
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doesnotcausesm equalchangein Yn of the tip control.For examplej
in theextremecase,wherethehorizontalanglebetweenwingand control

. mirrornormalsis 90°and Yn ofwingandcontrolmirrornormalsare
equal,a changein Yn of thewingmirrorcausessimplya rotationof
thecontrolmirroraboutitsownnormal.The relationsbetweenthe
movementsof thewingandtipnormalsare

(a )Yn t
—=cosp
(a )Yn w

and

()bent— .
()

sinp(ctnYn)t
a7n~

(All)

(A12)

. where p is thehorizontalanglebetweenthemirrornormals(
0% - @nt)

if thewingandcontrollightsources..arein the sameverticalplane.
. Summarizingequations(9)to (12)graphicallyyields —

Wingnormalmovement:

Corresponding

Normally
willbe known

(4Jw

tip normalmovement:

4“’0s‘(A7n)w(A9n)w>din P (LUn)w(ctn 7n)t

thelocationof the lightsourcead thereflectedimage
forbothwingandcontrolsystems.Equations(Al)and

(A2)allowsolutionforthelocationof themirrornormals.Fromthe
movementof thewingimagedueto modelloadsthedeflectionof the
wingmirrornormalmaybe obtainedby useof equations(A3)to (A8).
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Fromequations(A9)to (A12)thedeflectionof thecontrolmirrornormal
correspondingto thewingdeflectionmaybe found. Again,usingequa-
tions(A3)to (A8),themovementof thecontrolimagecorrespondingto
wingdeflectionmaybe determined.The remainingmovementof thecon-
trolimageis dueonlyto thecontrol-surfaceloads.

It is immediatelyevidentthat,in thegeneralcasejustdescribed,
thecalculationsforeachdatapointwouldinvolvea greatdealof labor.
For thisreasonsucharrangementsarenot consideredpractical.

Theprecedingequationsmaybe greatlysimplifiedforwing-control
arrangementsinwhichthetwolight-mirrorsystemsarecoplanarand
perpendicularto thehingelineforallanglesof attackandcontrol
deflection.Thatis,

7j-w= Ynw= 7% = 7it= 7nt= 7st= 9° (A13)

Therefore,themovementof theimagefrom
deflectionof thewinginbendingbecomes

() ()Zwi t
dynw==()nw

thecontrolmirrordueto

o (A14)

(d,n)w$$& . -Cos ,(.7,)W
nw COS(On)w

(A15)

andthemovementsof thecontrolandwingimagesdueto wingtwistare
equal,

(+t (aei)w

(’en).= m
(A16)

Fromtheserelationsthemovementof thecontrolimagedueonlyto
control-surfaceloadscanbe foundverystiply.It shouldbe noted
thatthewing-controlarrangementof thepresentinvestigationapproxi-
matestheconditionsof equation(A13). An illustrationof thebreak-
downintocomponentsof thewing-andcontrol-imagemovementsforthis
casearepresentedin figure11.
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The light-mirrorrelationsmaybe furthersimplifiedif thewing-
andcontrol-mirrornormalscanbe consideredcoincidentanda single
lightsourceis usedin thata one-to-oneratiothenexistsbetweenthe
movementof thewingmirrorimageandthemovementof thecontrolmirror
imagedueto wingmovement.Thissimplificationhasthedisadvantages
that,in practice,thecontrolmirrormustbe reseteachtimethe con-
troldeflectionis chsagedandthemodelsurfaceswillnotbe smooth
whenthecontrolis deflected.
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a, deg

-10.11
-8.05
-6.02
-4.00
-2.00
0.00
2.00
4.00
6.00
7.98
9.96

11.94
13.94
15.94
17.96
19.99
22.04
24.12
26.24
28.43
30.73

t ..---- .—
- -.,, -,,...,..
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TABLEI

VALUESOF ANGLEOF ATTACKANDCONTROLDEFLECTIONFOR

DATAmSENTED IN FIGms 4(e)AND 4(f) M = 1.96

-30.0

-----
-----
-----
-----
-----
-----
.----
-----
-----
--.--
-----
-----
-----
-----
-----

-30.0
-30.0
-30.0
-30.0
-30.0
-30.0

-20.3

--.--
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-20.2
-20.2
-20.3
-20.3
-20.3
-20.3
-20.3
-20.3
-20.3
-2o.4

Average 5, deg

-11.0

-----
-----
-----
-----
-----
-----
-----
-10.8
-10.9
-10.9
-11.0
-11.0
-11.0
-11.0
-11.0
-11.0
-11.0
-11.1
-11.1
-----
-----

0

---
---
0.0

.0

.0

.0

.1

.0

.0

.0
-. 1
-.1
---
-.1
-.2
-.2
-.2
-.2
-.2
-.
-.:

5.4

---

5.6
5.4
5.4
5.4
;.;

5:4
5.3
5.3
5.3
5.3
---
---
---
---
---
---
---
---
---

10.4

----

10.6
10.5
10.4
10.4
10.4
10.4
10.4
10.4
10.4
10.3
10.3
10.3
10.3
10.2
10.2
10.2
10.2
----
----
----

15.5

15.8
15.8
15.7
15.6
15.6
15.6
15.5
15.5
15.5
15.5
15.5
15.5
15.5
15.5
15.4
15.4
15.4
15.3
15.2
15.1
15.0

29.$?

30.2
30.2
30.1
30.1
30.0
30.0
30.0
30.0
30.0
30.0
29.9
29.8
29.7
29.6
29.5
29.4
29.4
----
----
----
----
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